Abstract. We herein report the synthesis and structure of a two dimensional (2D) metal-organic coordination polymer (or metal-organic network) which extends in two dimensions via Co 2þ and 1,3,5-benzenetricarboxylate ions. The hydrothermal reaction of (2R,2 0 R,2 00 R)-2,2 0 ,2 00 -(benzenetricarbonyltris(azanediyl))tripropanoic acid (parent ligand) with cobalt nitrate in the presence of pyridine lead to the decomposition of the parent ligand producing 1,3,5-benzenetricarboxylate, which in turn reacted with cobalt ions to afford a 2D network [Co 1.5 
Introduction
The rational design and construction of crystalline metalorganic frameworks (MOFs) with different dimensionalities have been extensively investigated for many years, due to not only their fascinating structures and topologies but also their specific or multifunctional properties [1] [2] [3] . Due to the high surface areas and high porosities of MOFs, volume specific applications such as gas purification [4] , gas separation [3, [5] [6] [7] [8] , gas storage [9] [10] [11] [12] , and heterogeneous catalysis [13] [14] [15] , are investigated widely. In recent years versatile strategies have been applied for the construction of porous frameworks with extended structures [16] . Many examples of porous MOFs are present in the literature with predetermined topologies that are assembled from required molecular building blocks [17] [18] . However, significant challenges remain which include the ability to design new molecular building blocks which may possibly provide opportunities for structures with unique features and structural properties [19] . In the construction of such hybrid inorganic-organic polymer network, the choice of the ligand as a basic building block, plays a very important role in determining the pore size. Polycarboxylic acids are among the most attractive building blocks for the construction of metal-organic frameworks, due to their versatile coordination modes, which prompted several studies to ascertain routes to predictable metal-carboxylate motifs [20] , and to design new open framework structures [21] . Some of the earlier reports relate to the use of dicarboxylate [22] [23] [24] [25] , tricarboxylate [26] [27] [28] [29] , and tetracarboxylate [30] [31] [32] [33] ligands, which are inter-bridged by mono-or multi-nuclear metal nodes, leading to stable MOFs with permanent porosity. Benzene-1,3,5-tricarboxylic acid (H 3 BTC, trimesic acid) has been extensively used in its various degrees of deprotonation as a bridging ligand in the synthesis of multidimensional MOFs [34] [35] [36] [37] . Besides that few examples of cobalt benzenetricarboxylate coordination polymers are also present in the Refs. [38] [39] [40] [41] .
In the present study we report the synthesis of the 2D coordination polymer [Co 1.5 (1) , obtained from the reaction of (2R,2 0 R,2 00 R)-2,2 0 ,2 00 -(benzenetricarbonyltris(azanediyl))tripropanoic acid with cobalt nitrate in the presence of pyridine. This reaction lead to a decomposition of (2R,2 0 R,2 00 R)-2,2 0 ,2 00 -(benzenetricarbonyltris(azanediyl))tripropanoic acid into 1,3,5-benzenetricarboxylate, which reacted with cobalt ions to afford a 2D network. The topology of this framework is also discussed.
Experimental section

Materials and instrumentation
Single crystal X-ray data collection was carried out with a Bruker DUO APEX II CCD diffractometer at 173(2) K using an Oxford Cryostream-700. Data reduction and cell refinement were performed using SAINT-Plus [42] , and the space group was determined from systematic absences by XPREP [43] and confirmed using the program Layer [44] . The structure was solved using the SIR2011 program [45] , and refined using full-matrix least-squares methods based on F 2 values against all reflections in SHELXL-97 [46] , including anisotropic displacement parameters for all non-H atoms. Calculations concerning the molecular geometry, the affirmation of chosen space groups and the analysis of hydrogen bonds were performed with PLATON [47] . CCDC 924205 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
The infrared spectrum (4000-400 cm À1 ) was recorded on a Bruker IFS-125 instrument in KBr pellet.
Synthesis
A mixture of Co(NO 3 ) 2 Á 6 H 2 O (83 mg, 0.28 mmol), and (2R,2 0 R,2 00 R)-2,2 0 ,2 00 -(benzenetricarbonyltris(azanediyl))-tripropanoic acid (80 mg, 0.19 mmol) was placed in a capped glass vessel which contained 4.0 ml of MeOH : DMF (3 : 1 by volume). Then 0.2 ml of 1 M KOH solution was added into the reaction mixture in order to deprotonate the carboxylic acid groups. Pink coloured precipitate appeared immediately which was subsequently dissolved by the addition of 0.1 ml of pyridine. The vessel containing the reaction mixture was sealed and heated at 90 C for 48 hours, and then cooled gradually to room temperature. Dark pink crystals were obtained and collected by filtration. Yield: 38% (based on Co). FT-IR (KBr, cm (C), respectively) , whilst the methanol hydroxyl hydrogen atom was placed at fixed distance but allowed to rotate about the parent C--O bond (O--H, 0.95 Å U iso (H) ¼ 1.2U eq (O)). Hydrogen atoms of the OW1 molecule were refined freely, but with the geometry of this molecule restrained (O--H, 0.86(2) Å ; H Á Á Á H 1.36(4) Å ). The lattice-trapped water (O2W2) of solvation, clearly identified in difference-Fourier maps, was modeled to be present 26% of the time. Hydrogen atoms on this water molecule could not be successfully placed.
Results and discussion
Crystal Structure analysis
The hydrothermal reaction of (2R,2 0 R,2 00 R)-2,2 0 ,2 00 -(benzenetricarbonyltris(azanediyl))tripropanoic acid with cobalt (II) nitrate hexahydrate in the presence of pyridine lead to the decomposition of the parent ligand and formation of 1,3,5-benzenetricarboxylate, which subsequently reacted with Co 2þ to provide the formation of a 2D network extended with Co 2þ and BTC 3À ions (Scheme 1). The exact reasons behind this degradation of the parent ligand are still not clear but we think that the high temperature and pressure reaction conditions (as well as the presence of DMF) could have effected its observed degradation.
Single-crystal X-ray diffraction studies reveal that 1 crystallizes in the triclinic space group P 1 1, and that the asymmetric unit contains 1.5 Co 2þ ions, one BTC 3À ligand, three coordinated pyridine molecules, one coordinated water molecule, one uncoordinated methanol molecule and 0.26 of an uncoordinated water molecule (Figure 1 ).
Scheme 1
The Co 2þ ions have two crystallographically unique coordination environments. Co1 is in an octahedral coordination environment and resides on a center of inversion coordinating to two water molecules (Co1--OW1, 2.118(3) Å and Co1--OW1a (1 À x, 1 À y, Àz)), two pyridine molecules (Co1--N1A, 2.147(4) Å and Co1--N1Aa (1 À x, 1 À y, Àz)) and two BTC 3À anions in a monodentate coordination mode (Co1--O1, 2.087(2) Å and Co1--O1a (1 À x, 1 À y, Àz)). Co2 is not located on a crystallographic point or plane of symmetry and is coordinated to two centrosymmetrically related BTC 3À anions (Co2--O3b (Àx, 1 À y, 1 À z), 2.012(2) Å and Co2--O4, 2.002(3) Å ) via a monodentate, bridging carboxylate group, and to a third BTC 3À anion in a bidentate coordination mode (Co2--O5c (Àx, Ày, 1 À z), 2.118(2) Å and Co2--O6c, 2.276(3) Å ). A further two pyridine molecules (Co2--N1B, 2.179(3) Å and N1C, 2.181(3) Å ) are coordinated in the apical positions to form a distorted octahedral coordination environment.
The 2D polymer network (Figure 2 ) consist of BTC 3À ligands bridging (along all three its carboxylate groups) Co 2þ ions in the (101) plane. The pyridine molecules are coordinated orthogonal to this plane in both directions.
The structure of 1 is stabilized by many significant hydrogen bonding interactions ( Table 1) . One of the hydrogen atoms of the coordinated water molecule (OW1) is hydrogen bonded to the carboxylate oxygen atom O2 (OW1--H2W1 Á Á Á O2) and so reinforces the monodentate coordination of the BTC 3À ligand to Co1. The other hydrogen atom of OW1 forms a hydrogen bond to the oxygen atom of the methanol molecule (OW1--H1 Á Á Á O10), which in turn has its hydroxyl hydrogen atom bonding to the O6 carboxylate atom (O10--H10 Á Á Á O6). These hydrogen bonds stabilize the inclusion of the methanol molecule in the crystal structure.
The FT-IR spectra of compound 1 shows a characteristic strong band of coordinated carboxylate groups around 1632 cm À1 for asymmetric stretching and 1406 cm À1 for symmetric stretching. C-O stretching of coordinated carboxylate groups comes into view in 1282 cm 
Topological analysis
A clearer understanding of the coordination network in 1 can be achieved by topological analysis, i.e. by reducing multidimensional structures to simple node-and-linker nets where the nodes (usually metallic) and linkers (usually organic) represent secondary building units (SBUs) [48] . In this 2D network each BTC 3À is coordinated to four different Co 2þ centers. However, for the description of network topology, the centre of gravity of BTC 3À was taken as a node, as well as the centre of gravity of the Co2 ions bridged by two BTC 3À ligands. Co1 was not taken as a node since it would be redundant in describing the network topology. Thus the network is described as a binodal (3,4)-connected net having Point (Schlafli) symbol
} and corresponds to the net reported by Munakata et al. for a 2D silver 1,8-diphenylocta-1,3,5,7-tetraene polymer [49] .
The simplified net structure of compound 1 is shown in Fig. 3 . In this figure the centres of gravity of the two closest Co2 ions are represented in pink, whilst the ligand is represented by green lines and methanol molecules are represented by blue colour.
Conclusion
We have reported on the unexpected synthesis and structure of a two dimensional coordination polymer of 1,3,5-benzenetricarboxylate and cobalt (II) ions. The structure of the new compound 1 has been characterized by single crystal X-ray diffraction. Adjacent 2D networks interconnect in the third dimension via C--H Á Á Á O interactions. The topological analysis showed that the polymeric chain structure is a binodal (3,4) -connected net. The study illustrates that the given experimental conditions of high pressure and temperature may have been too harsh for the parent ligand and that rational design of product architecture with regards to the parent ligand needs careful consideration of these conditions. Nevertheless, elucidation of the single crystal structure of the obtained product could serve as a useful reference (e.g. by comparison with the calculated powder X-ray diffraction pattern of the crystal structure in this study) in the analysis of future attempts of effecting polymerization with the intact parent ligand. 
